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(57) ABSTRACT

A zoom lens includes, in order from an object side: a positive
first lens unit that does not move for zooming and comprises
a negative first sub-lens unit, a positive second sub-lens unit
that moves during adjustment of a focal point, and a positive
third sub-lens unit composed of at least one negative lens, and
atleasttwo positive lenses; a lens group including at least two
lens units that move during zooming; an aperture stop; and a
positive last lens unit that does not move for zooming. Focal
lengths of the first lens unit, the first sub-lens unit, and the
zoom lens at a wide angle end, imaging magnification of the
last lens unit, average values of an Abbe constant for d-line of
the at least one negative lens and of the at least two positive
lenses are appropriately set.

8 Claims, 10 Drawing Sheets
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1
Z0OOM LENS AND IMAGE PICKUP
APPARATUS INCLUDING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a zoom lens suitable for a
television camera, a cinema camera, a video camera, a film
camera, or a digital camera, and more particularly, to a zoom
lens having high magnification, reduced size and weight, and
high performance, and an image pickup apparatus including
the same.

2. Description of the Related Art

A small and lightweight zoom lens having a wider angle of
view, a higher zooming ratio, and higher optical performance
has been demanded for an image pickup apparatus such as a
television camera, a cinema camera, a film camera, or a video
camera. In particular, image pickup devices such as a CCD
and a CMOS, which are used in the television or cinema
camera as a professional video photographing system, have a
substantially equal resolution over the entire image pickup
range. Therefore, the zoom lens using the image pickup
device is required to have a substantially equal resolution
from a center to a periphery of the screen, and required to be
small and lightweight to support photographing modes that
put a high priority on mobility and operability. In addition, in
recent years, in order to obtain visual expression utilizing a
shallow depth of filed and high sensitivity, a camera including
a large-sized image pickup device has been developed, and a
zoom lens responding to this camera has been demanded.

Hitherto, the following zoom lens has been known as a
zoom lens having high magnification, reduced size and
weight, and high optical performance. The zoom lens
employs an inner-focusing system and includes, in order from
an object side, a first lens unit having a positive refractive
power that is fixed during zooming, a second lens unit having
a negative refractive power that moves during the zooming, a
third lens unit having a negative refractive power, for correc-
tion of an image plane, an aperture stop, and a lens unit having
a positive refractive power that is fixed during the zooming.
The first lens unit includes a first sub-lens unit having a
negative refractive power, a second sub-lens unit having a
positive refractive power, and a third sub-lens unit having a
positive refractive power. The second sub-lens unit takes a
role of the focusing.

For obtaining the high magnification, the reduction in size
and weight, and the high performance in the zoom lens
described above, the refractive powers and the structures of
the lens units need to be appropriately set.

Each of zoom lenses disclosed in U.S. Pat. No. 5,757,554
and Japanese Patent Application Laid-Open No. 2004-
341237 has a structure optimal for a camera including a
relatively small image pickup device for a television camera,
and hence has a problem in that the zoom lens is increased in
size when being applied to a camera including a large-sized
image pickup device.

SUMMARY OF THE INVENTION

In view of the foregoing, it is therefore an object of the
present invention to provide a zoom lens which can realize
both high magnification and reduction in size and weight and
which can have satisfactory optical performance, and an
image pickup apparatus including the same.

In order to attain the object described above, according to
one embodiment of the present invention, there is provided a
zoom lens including, in order from an object side to an image
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2

side: a first lens unit having a positive refractive power that
does not move for zooming, the first lens unit comprising a
first sub-lens unit having a negative refractive power, a second
sub-lens unit having a positive refractive power that moves
during adjustment of a focal point, and a third sub-lens unit
having a positive refractive power; a lens group including at
least two lens units that move during the zooming; an aperture
stop; and a last lens unit having a positive refractive power
that does not move for the zooming, in which the following
conditional expressions are satisfied:

2.6<f1/fiw<4.5
0.6<|/11/f11<0.9

0.0<IBri<1.5

where fw denotes a focal length at a wide angle end of the
zoom lens, {1 denotes a focal length of the first lens unit, 11
denotes a focal length of the first sub-lens unit, and fr denotes
imaging magnification of the last lens unit, in which the third
sub-lens unit includes at least one negative lens, and at least
two positive lenses, and in which the following conditional
expression is satisfied:

2.0<v13pa/v13na<5.8

where v13na denotes an average value of an Abbe constant of
the at least one negative lens with a d-line as a reference, and
v13pa denotes an average value of Abbe constants of the at
least two positive lenses with the d-line as the reference, and
in which an Abbe constant vd with a d-line as a reference is
defined by the following equation,

vd=(nd-1)/(nF-nC)

where nd denotes a refractive index in the d-line, nC denotes
a refractive index in a C-line, and nF denotes a refractive
index in an F-line.

Further objects or other features of the present invention
will become apparent from the following description of
exemplary embodiments rendered with reference to the
attached drawings.

According to one embodiment of the present invention, the
zoom lens which can realize both the high magnification and
the reduction in size and weight and which can have the
satisfactory optical performance, and the image pickup appa-
ratus including the same can be provided.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1isa cross-sectional view in focus at infinity at a wide
angle end of a zoom lens according to Embodiment 1 of the
present invention.

FIG. 2A is an aberration diagram at a wide angle end in
focus at object distance infinity of the zoom lens according to
Embodiment 1 of the present invention.

FIG. 2B is an aberration diagram at a focal length of 51.0
mm in focus at object distance infinity of the zoom lens
according to Embodiment 1 of the present invention.

FIG. 2C is an aberration diagram at a telephoto end in focus
at object distance infinity of the zoom lens according to
Embodiment 1 of the present invention.

FIG. 3 is a cross-sectional view in focus at infinity at a wide
angle end of a zoom lens according to Embodiment 2 of the
present invention.
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FIG. 4A is an aberration diagram at a wide angle end in
focus at object distance infinity of the zoom lens according to
Embodiment 2 of the present invention.

FIG. 4B is an aberration diagram at a focal length of 51.0
mm in focus at object distance infinity of the zoom lens
according to Embodiment 2 of the present invention.

FIG. 4C s an aberration diagram at a telephoto end in focus
at object distance infinity of the zoom lens according to
Embodiment 2 of the present invention.

FIG. 51is across-sectional view in focus at infinity at a wide
angle end of a zoom lens according to Embodiment 3 of the
present invention.

FIG. 6A is an aberration diagram at a wide angle end in
focus at object distance infinity of the zoom lens according to
Embodiment 3 of the present invention.

FIG. 6B is an aberration diagram at a focal length of 50.0
mm in focus at object distance infinity of the zoom lens
according to Embodiment 3 of the present invention.

FIG. 6C is an aberration diagram at a telephoto end in focus
at object distance infinity of the zoom lens according to
Embodiment 3 of the present invention.

FIG. 7 is across-sectional view in focus at infinity at a wide
angle end of a zoom lens according to Embodiment 4 of the
present invention.

FIG. 8A is an aberration diagram at a wide angle end in
focus at object distance infinity of the zoom lens according to
Embodiment 4 of the present invention.

FIG. 8B is an aberration diagram at a focal length of 50.2
mm in focus at object distance infinity of the zoom lens
according to Embodiment 4 of the present invention.

FIG. 8C s an aberration diagram at a telephoto end in focus
at object distance infinity of the zoom lens according to
Embodiment 4 of the present invention.

FIG. 9A is a schematic optical path diagram of an object
paraxial ray of the zoom lens according to Embodiment 1 of
the present invention.

FIG. 9B is a schematic optical path diagram of a pupil
paraxial ray of the zoom lens according to Embodiment 1 of
the present invention.

FIG. 10 is a schematic view of a main part of an image
pickup apparatus of the present invention.

DESCRIPTION OF THE EMBODIMENTS

Now, exemplary embodiments of the present invention are
described in detail with reference to the attached drawings.

FIG. 1 is a lens cross-sectional view in focus made on an
infinity object at a wide angle end of a zoom lens according to
Numerical Embodiment 1 as Embodiment 1 of the present
invention. FIG. 2A is a longitudinal aberration diagram at the
wide angle end in focus made on the infinity object of the
zoom lens of Numerical Embodiment 1. FIG. 2B is a longi-
tudinal aberration diagram at a focal length of 51.0 mm in
focus made on the infinity object of the zoom lens of Numeri-
cal Embodiment 1. FIG. 2C is a longitudinal aberration dia-
gram at a telephoto end in focus made on the infinity object of
the zoom lens of Numerical Embodiment 1.

FIG. 3 is a lens cross-sectional view in focus made on an
infinity object at a wide angle end of a zoom lens according to
Numerical Embodiment 2 as Embodiment 2 of the present
invention. FIG. 4A is a longitudinal aberration diagram at the
wide angle end in focus made on the infinity object of the
zoom lens of Numerical Embodiment 2. FIG. 4B is a longi-
tudinal aberration diagram at a focal length of 51.0 mm in
focus made on the infinity object of the zoom lens of Numeri-
cal Embodiment 2. FIG. 4C is a longitudinal aberration dia-
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4

gram at a telephoto end in focus made on the infinity object of
the zoom lens of Numerical Embodiment 2.

FIG. 5 is a lens cross-sectional view in focus made on an
infinity object at a wide angle end of a zoom lens according to
Numerical Embodiment 3 as Embodiment 3 of the present
invention. FIG. 6A is a longitudinal aberration diagram at the
wide angle end in focus made on the infinity object of the
zoom lens of Numerical Embodiment 3. FIG. 6B is a longi-
tudinal aberration diagram at a focal length of 50.0 mm in
focus made on the infinity object of the zoom lens of Numeri-
cal Embodiment 3. FIG. 6C is a longitudinal aberration dia-
gram at a telephoto end in focus made on the infinity object of
the zoom lens of Numerical Embodiment 3.

FIG. 7 is a lens cross-sectional view in focus made on an
infinity object at a wide angle end of a zoom lens according to
Numerical Embodiment 4 as Embodiment 4 of the present
invention. FIG. 8A is a longitudinal aberration diagram at the
wide angle end in focus made on the infinity object of the
zoom lens of Numerical Embodiment 4. FIG. 8B is a longi-
tudinal aberration diagram at a focal length of 50.2 mm in
focus made on the infinity object of the zoom lens of Numeri-
cal Embodiment 4. FIG. 8C is a longitudinal aberration dia-
gram at a telephoto end in focus made on the infinity object of
the zoom lens of Numerical Embodiment 4.

In each longitudinal aberration diagram, spherical aberra-
tion is illustrated with respect to e-line (represented with a
solid line) and g-line (represented with a chain double-dashed
line). Astigmatism is illustrated on a meridional image plane
(represented with a broken line) with respect to e-line and a
sagittal image plane (represented with a solid line) with
respect to e-line. Lateral chromatic aberration is illustrated
with respect to g-line (represented with a chain double-
dashed line). An F-number is represented by Fno and a half
angle of field is represented by w. In the longitudinal aberra-
tion diagram, spherical aberration, astigmatism, distortion,
and lateral chromatic aberration are illustrated in scales 0of 0.4
mm, 0.4 mm, 5%, and 0.05 mm, respectively.

The zoom lens of the present invention includes, in order
from an object side to an image side, a first lens unit having a
positive refractive power that does not move for zooming, a
movable zoom lens group including at least two lens units that
move during the zooming, an aperture stop, and a relay lens
unit for imaging having a positive refractive power that does
not move for the zooming. The first lens unit includes a first
sub-lens unit having a negative refractive power, a second
sub-lens unit having a positive refractive power that moves
during focusing (adjustment of a focal point), and a third
sub-lens unit having a positive refractive power. In this case,
the following conditional expressions are satisfied:

2.6<f1/fw<4.5 M

0.6<IA1/f11<0.9 @

0.0<IBri<1.5 3)

where fw denotes a focal length at a wide angle end in the
zoom lens (hereinafter referred to as “an entire lens system”
as well), f1 denotes a focal length of the first lens unit, f11
denotes a focal length of the first sub-lens unit, and fr denotes
imaging magnification of the relay lens unit located closer to
an image side than the aperture stop.

The conditional expression (1) defines a range of a ratio of
a focal length of a first lens unit U1 to the focal length at the
wide angle end in the entire lens system, to thereby define the
conditions for attaining the reduction in size and weight, the
high magnification, and the high performance.
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Now, a detailed description is rendered with reference to
FIG. 9A and FIG. 9B.

FIG. 9A is a schematic optical path diagram of an object
paraxial ray in Embodiment 1. For attaining both the reduc-
tion in size and weight and the high performance, it is desir-
able to reduce the focal length f1 of the first lens unit U1. The
reason for this is because when the focal length {1 is reduced,
the image point position of the first lens unit U1, that is, an
object point position P of a second lens unit U2 approaches
the second lens unit U2, and hence a stroke amount necessary
for the zooming can be reduced.

However, when the focal length 1 is reduced, in order to
obtain a focal length fm in a predetermined entire lens system,
as shown in the conditional expression (a), the imaging mag-
nification of the lens units closer to the image side than the
first lens unit Ul needs to be increased.

Sm=f1xP2mxp3Imxpr (2)

where f2m denotes imaging magnification of the second lens
unit U2, 3m denotes imaging magnification of a third lens
unit U3, and pr denotes imaging magnification of a last lens
unit Ur closer to the image side than the aperture stop, which
is constant during the zooming.

When the imaging magnification of the lens units closer to
the image side than the first lens unit U1 is large, an enlarge-
ment factor of the various aberrations generated in the first
lens unit U1 and the aberrations generated by the manufac-
turing variations increases, and hence it becomes difficult to
attain the high performance.

From the foregoing, the setting of the focal length of the
first lens unit to the appropriate range is necessary for attain-
ing the reduction in size and weight, the high magnification,
and the high performance.

When f1/fw in the conditional expression (1) exceeds an
upper limit, the focal length of the first lens unit with respect
to the wide angle end focal length in the entire lens system
becomes too large, and hence it becomes difficult to attain
both the reduction in size and weight and the high magnifi-
cation.

When f1/fw in the conditional expression (1) falls below a
lower limit, the focal length of the first lens unit with respect
to the wide angle end focal length in the entire lens system
becomes too small, and hence it becomes difficult to attain the
high performance.

It is more preferred to set the conditional expression (1) as
follows.

2.8<f1/fw<4.2 (la)

The conditional expression (2) defines the ratio of the focal
length of the first sub-lens unit to the focal length of the first
lens unit, to thereby define the conditions attaining both the
reduction in size and weight and the high performance.

FIG. 9B is a schematic optical path diagram of a pupil
paraxial ray in Embodiment 1.

For attaining the reduction in size and weight, it is pre-
ferred to arrange an incident pupil position EP at the wide
angle end on the object side, to thereby reduce a pupil paraxial
ray height of a first sub-lens unit U1l to reduce the lens
diameter. In order to attain this, it is necessary to reduce the
focal length f11 of the first sub-lens unit Ul1, that is, to
increase the refractive power of the first sub-lens unit U11.
Moreover, the focal length f11 is reduced, which enables the
effect of reducing an extension amount Ax for a focusing
point of a second sub-lens unit U12 to be obtained, and hence
the size and weight can be further reduced.

However, when the focal length {11 is reduced, the zoom
variation of the distortion and the astigmatism which are
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6

generated in the first sub-lens unit U11 increases, and hence it
becomes difficult to attain the high performance.

From the foregoing, the setting of the focal length of the
first sub-lens unit to the appropriate range is necessary for
attaining both the reduction in size and weight and the high
performance.

When [f11/f11 in the conditional expression (2) exceeds an
upper limit, the focal length of the first sub-lens unit with
respect to the focal length of the first lens unit becomes too
large. Hence, by arranging the incident pupil position at the
wide angle end on the image side, the lens diameter of the first
sub-lens unit increases, and hence it becomes difficult to
attain the reduction in size and weight.

On the other hand, when If11/f1] in the conditional expres-
sion (2) falls below a lower limit, the focal length of the first
sub-lens unit with respect to the focal length of the first lens
unit becomes too small. Hence, the refractive power of the
first sub-lens unit increases, which results in that the zoom
variation of the distortion and the astigmatism increases, and
hence it becomes difficult to attain the high performance.

It is more preferred to set the conditional expression (2) as
follows.

0.63<|/11/f11<0.9 (2a)

The conditional expression (3) defines the imaging mag-
nification of the last lens unit Ur located closer to the image
side than the aperture stop, to thereby define the conditions
for attaining both the reduction in size and weight and the
high performance.

For attaining the high performance, it is desirable to sup-
press the zoom variation of the various aberrations which are
generated in the movable zoom lens group. In order to attain
this, it is necessary to reduce the imaging magnification fr of
the last lens unit Ur located closer to the image side than the
aperture stop.

Now, when the imaging magnification pr is reduced in the
conditional expression (a), the imaging magnification of the
movable zoom lens group increases. From this fact, the inci-
dent pupil position EP as a conjugate position of the aperture
stop is arranged on the image side. For this reason, the pupil
paraxial ray height of the first lens unit U1 at the wide angle
end increases, and hence the lens diameter also increases.

From the foregoing, it is necessary for attaining both the
reduction in size and weight and the high performance to set
the imaging magnification of the last lens unit located closer
to the image side than the aperture stop to an appropriate
range.

When [frl in the conditional expression (3) exceeds an
upper limit, the imaging magnification of the last lens unit
located closer to the image side than the aperture stop
becomes too large. Hence, the zoom variations of the various
aberrations generated in the movable zoom lens group
increases. As a result, it becomes difficult to attain the high
performance.

On the other hand, when |frl in the conditional expression
(3) falls below a lower limit, the imaging magnification of the
lastlens unit located closer to the image side than the aperture
stop becomes too small. Hence, by arranging the incident
pupil position at the wide angle end on the image side, the lens
diameter of the first lens unit increases. As a result, it becomes
difficult to attain the reduction in size and weight.

In addition, a third sub-lens unit U13 in the zoom lens of the
present invention includes at least one negative lens, and at
least two positive lenses. In this case, the following condi-
tional expression is satisfied:

2.0<v13pa/v13na<5.8 4
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where v13na denotes an average value of the Abbe constants
of'the negative lenses, and v13pa denotes an average value of
the Abbe constants of the positive lenses.

The conditional expression (4) defines a ratio between the
average values of the Abbe constants of the positive lenses
and the negative lenses which are included in the third sub-
lens unit U13, to thereby define the conditional expression for
attaining both the suppression of the various aberrations and
the suppression of the chromatic aberration with respect to
the d-line having the reference wavelength.

When v13pa/v13na in the conditional expression (4)
exceeds an upper limit, the Abbe constant of the negative lens
becomes too small, and a partial dispersion ratio increases too
much. As a result, the secondary spectra of the axial chro-
matic aberration and the lateral chromatic aberration at the
telephoto end become worse.

On the other hand, when v13pa/v13na in the conditional
expression (4) falls below a lower limit, the refractive powers
of'the negative lens and the positive lens increase too much for
satisfying the conditions for correction of the chromatic aber-
ration, and hence the various aberrations become difficult to
correct.

It is more preferred to set the conditional expression (4) as
follows.

2.4<v13pan13na<3.8 (4a)

In addition, the first sub-lens unit in the zoom lens of the
present invention includes at least two negative lenses, and at
least one positive lens. In this case, the following conditional
expression is satisfied:

2.0<vl1lnamvllpa<3.6 (5)

where v11na denotes an average value of the Abbe constants
of'the negative lenses, and v11pa denotes an average value of
the Abbe constants of the positive lenses.

The conditional expression (5) defines a ratio between the
average values of the Abbe constants of the positive lenses
and the negative lenses which are included in the first sub-lens
unit Ul1, to thereby define the conditional expression for
attaining both the suppression of the various aberrations and
the suppression of the chromatic aberration with respect to
the d-line which is the reference wavelength.

When vllna/vllpa in the conditional expression (5)
exceeds an upper limit, in the existing optical material, the
refractive index of the material of the negative lens becomes
too small, and hence the conversion inclination angle in the
negative lens increases. Hence, the high-order distortion and
the astigmatism are generated.

On the other hand, when v11na/v1l1pa in the conditional
expression (5) falls below a lower limit, the refractive powers
of'the negative lens and the positive lens increase too much for
satisfying the conditions for correction of the chromatic aber-
ration, and hence the various aberrations become difficult to
correct.

It is more preferred to set the conditional expression (5) as
follows:

2.2<vl1lunamvllpa<3.2 (5a)

where each of v1lna, v11pa, v13na, and v13pa denotes the
Abbe constant vd with the d-line as the reference. In this case,
the Abbe constant with the d-line as the reference is defined
by Equation below:

vd=(nd-1)/(nF-nC)

where nd denotes a refractive index in the d-line, nC denotes
a refractive index in the C-line, and nF denotes a refractive
index in the F-line.
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As a zoom lens of another embodiment of the present
invention, in a zoom lens including, in order from the object
side to the image side, the first lens unit having the positive
refractive power that does not move for the zooming, the
second lens unit having the negative refractive power that
moves during the zooming, the third lens unit having the
negative refractive power that moves during the zooming, a
fourth lens unit having a positive refractive power that moves
during the zooming, the aperture stop, and a fifth lens unit
having a positive refractive power that does not move for the
zooming, it is preferred to satisfy the following conditional
expression.

0.0<Iprl<0.5 (3a)

Moreover, in an image pickup apparatus including a zoom
lens having the features described above, and a solid-state
image pickup element having a predetermined effective
imaging range for receiving an image formed by the zoom
lens, the present invention defines the following condition for
effectively utilizing the zoom lens especially:

0.4<fw/IS<1.2 (6

where IS denotes an image size (which is double the diagonal
length of the effective imaging range and the image height of
the effective imaging range) of the image pickup element.

When fw/IS in the conditional expression (6) exceeds an
upper limit, the focal length fw of the entire lens system at the
wide angle end becomes too long.

On the other hand, when fw/IS in the conditional expres-
sion (6) falls below a lower limit, the focal length fw of the
entire lens system at the wide angle end becomes too short.
Hence, an off-axis ray incidence height of the first sub-lens
unit Ul1 increases, and the lens diameter increases in size.

It is more preferred to set the conditional expression (6) as
follows.

0.5<w/IS<0.7 (6a)

Note that, it is preferred that the zooming ratio of the zoom
lens at which the zoom lens of the present invention is espe-
cially effectively utilized be three times or more.

Embodiment 1

The zoom lens according to Embodiment 1 is concretely
described with reference to FIG. 1.

In FIG. 1, the first lens unit U1 is the lens unit having the
positive refractive power that does not move for the zooming.
The second lens unit U2 is a variator having the negative
refractive power that moves during the zooming. The second
lens unit U2 monotonously moves to the image plane side on
the optical axis, to thereby carry out the zooming from the
wide angle end to the telephoto end. The third lens unit U3 is
a compensator having the negative refractive power. The third
lens unit U3 nonlinearly moves to the image plane side on the
optical axis in order to correct the image plane variation
following the zooming. The zoom lens includes the aperture
stop SP. The last lens unit Ur is the relay lens unit for the
imaging having the positive refractive power. An imaging
surface I is arranged. The first lens unit U1 includes the first
sub-lens unit U11 having the negative refractive power, the
second sub-lens unit U12 having the positive refractive
power, and the third sub-lens unit U13 having the positive
refractive power. The second sub-lens unit U12 described
above is moved from the object side to the image side, to
thereby carry out the focusing made on a short-distance
object.
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The first lens unit U1 corresponds to the first to eighteenth
surfaces. The first sub-lens unit U11 corresponds to the first to
sixth surfaces, and includes two negative lenses and one posi-
tive lens. The second sub-lens unit U12 corresponds to the
seventh and eighth surfaces. The third sub-lens unit U13
corresponds to the ninth to eighteenth surfaces, and includes
two negative lenses and four positive lenses.

The second lens unit U2 corresponds to the nineteenth to
twenty-sixth surfaces. The third lens unit U3 corresponds to
the twenty-seventh to twenty-ninth surfaces. The last lens unit
Ur corresponds to the thirty-first to fiftieth surfaces.

The aspherical surface is used in each of the first lens and
the fourth lens. The aspherical surface mainly corrects the
zoom variation of the distortion and the astigmatism, and the
aberration variation at the focusing.

Table 1 shows values corresponding to the conditional
expressions in Embodiment 1. In Numerical Embodiment 1,
any of the conditional expressions is satisfied, and hence the
zoom lens which has the satisfactory optical performance
while the high magnification and the reduction in size and
weight are attained is realized.

Embodiment 2

The zoom lens according to Embodiment 2 is concretely
described with reference to FIG. 3.

In FIG. 3, the first lens unit U1 is the lens unit having the
positive refractive power that does not move for the zooming.
The second lens unit U2 is a variator having the negative
refractive power that moves during the zooming. The second
lens unit U2 monotonously moves to the image plane side on
the optical axis, to thereby carry out the zooming from the
wide angle end to the telephoto end. The third lens unit U3 is
a second variator having a positive refractive power. The third
lens unit U3 moves to the image plane side on the optical axis,
to thereby carry out the zooming from the wide angle end to
the telephoto end. The fourth lens unit U4 is a compensator
having a negative refractive power, and nonlinearly moves to
the image plane side on the optical axis in order to correct the
image plane variation following the zooming. The zoom lens
includes the aperture stop SP. The last lens unit Ur is the relay
lens unit for the imaging having the positive refractive power.
The imaging surface I is arranged. The first lens unit Ul
includes the first sub-lens unit U11 having the negative refrac-
tive power, the second sub-lens unit U12 having the positive
refractive power, and the third sub-lens unit U13 having the
positive refractive power. The second sub-lens unit U12
described above is moved from the object side to the image
side, to thereby carry out the focusing made on a short-
distance object.

The first lens unit U1 corresponds to the first to eighteenth
surfaces. The first sub-lens unit U11 corresponds to the first to
sixth surfaces, and includes two negative lenses and one posi-
tive lens. The second sub-lens unit U12 corresponds to the
seventh to eleventh surfaces. The third sub-lens unit U13
corresponds to the twelfth to eighteenth surfaces, and
includes one negative lens and three positive lenses.

The second lens unit U2 corresponds to the nineteenth to
twenty-second surfaces. The third lens unit U3 corresponds to
the twenty-third to twenty-sixth surfaces. The fourth lens unit
U4 corresponds to the twenty-seventh to twenty-ninth sur-
faces. The last lens unit Ur corresponds to the thirty-first to
forty-fifth surfaces.

The aspherical surface is used in each of the first lens and
the fourth lens. The aspherical surface mainly corrects the
zoom variation of the distortion and the astigmatism, and the
aberration variation at the focusing.
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Table 1 shows values corresponding to the conditional
expressions in Embodiment 2. In Numerical Embodiment 2,
any of the conditional expressions is satisfied, and hence the
zoom lens which has the satisfactory optical performance
while the high magnification and the reduction in size and
weight are attained is realized.

Embodiment 3

The zoom lens according to Embodiment 3 is concretely
described with reference to FIG. 5.

In FIG. 5, the first lens unit U1 is the lens unit having the
positive refractive power that does not move for the zooming.
The second lens unit U2 is a variator having the negative
refractive power that moves during the zooming. The second
lens unit U2 monotonously moves to the image plane side on
the optical axis, to thereby carry out the zooming from the
wide angle end to the telephoto end. The third lens unit U3 is
a second variator having a negative refractive power, and
carries out the zooming from the wide angle end to the tele-
photo end. The fourth lens unit U4 is a compensator having a
negative refractive power, and nonlinearly moves to the
image plane side on the optical axis in order to correct the
image plane variation following the zooming. The zoom lens
includes the aperture stop SP. The last lens unit Ur is the relay
lens unit for the imaging having the positive refractive power.
The imaging surface I is arranged. The first lens unit Ul
includes the first sub-lens unit U11 having the negative refrac-
tive power, the second sub-lens unit U12 having the positive
refractive power, and the third sub-lens unit U13 having the
positive refractive power. The second sub-lens unit U12
described above is moved from the object side to the image
side, to thereby carry out the focusing made on a short-
distance object.

The first lens unit U1 corresponds to the first to eighteenth
surfaces. The first sub-lens unit U11 corresponds to the first to
sixth surfaces, and includes two negative lenses and one posi-
tive lens. The second sub-lens unit U12 corresponds to the
seventh and eighth surfaces. The third sub-lens unit U13
corresponds to the ninth to eighteenth surfaces, and includes
two negative lenses and four positive lenses. The second lens
unit U2 corresponds to the nineteenth to twenty-fourth sur-
faces. The third lens unit U3 corresponds to the twenty-fifth
and twenty-sixth surfaces. The fourth lens unit U4 corre-
sponds to the twenty-seventh to twenty-ninth surfaces. The
last lens unit Ur corresponds to the thirty-first to forty-sixth
surfaces.

The aspherical surface is used in each of the first lens and
the fourth lens. The aspherical surface mainly corrects the
zoom variation of the distortion and the astigmatism, and the
aberration variation at the focusing.

Table 1 shows values corresponding to the conditional
expressions in Embodiment 3. In Numerical Embodiment 3,
any of the conditional expressions is satisfied, and hence the
zoom lens which has the satisfactory optical performance
while the high magnification and the reduction in size and
weight are attained is realized.

Embodiment 4

The zoom lens according to Embodiment 4 is concretely
described with reference to FIG. 7.

In FIG. 7, the first lens unit U1 is the lens unit having the
positive refractive power that does not move for the zooming.
The second lens unit U2 is a variator having the negative
refractive power that moves during the zooming. The second
lens unit U2 monotonously moves to the image plane side on
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the optical axis, to thereby carry out the zooming from the
wide angle end to the telephoto end. The third lens unit U3 is
a second variator having the negative refractive power, and
carries out the zooming from the wide angle end to the tele-
photo end. The fourth lens unit U4 is a compensator having
the positive refractive power, and nonlinearly moves to the
image plane side on the optical axis in order to correct the
image plane variation following the zooming. The zoom lens
includes the aperture stop SP. The last lens unit Ur is the relay
lens unit for the imaging having the positive refractive power.
The imaging surface I is arranged. The first lens unit Ul
includes the first sub-lens unit U11 having the negative refrac-
tive power, the second sub-lens unit U12 having the positive
refractive power, and the third sub-lens unit U13 having the
positive refractive power. The second sub-lens unit U12
described above is moved from the object side to the image
side, to thereby carry out the focusing made on a short-
distance object.

The first lens unit U1 corresponds to the first to eighteenth
surfaces. The first sub-lens unit U11 corresponds to the first to
sixth surfaces, and includes two negative lenses and one posi-
tive lens. The second sub-lens unit U12 corresponds to the
seventh and eighth surfaces. The third sub-lens unit U13
corresponds to the ninth to eighteenth surfaces, and includes
two negative lenses and four positive lenses. The second lens
unit U2 corresponds to the nineteenth to twenty-sixth sur-
faces. The third lens unit U3 corresponds to the twenty-
seventh to twenty-ninth surfaces. The fourth lens unit U4
corresponds to the thirtieth to thirty-third surfaces. The last
lens unit Ur corresponds to the thirty-fifth to forty-eighth
surfaces.

The aspherical surface is used in each of the first lens and
the fourth lens. The aspherical surface mainly corrects the
zoom variation of the distortion and the astigmatism, and the
aberration variation at the focusing.

Table 1 shows values corresponding to the conditional
expressions in Embodiment 4. In Numerical Embodiment 4,
any of the conditional expressions is satisfied. In addition, in
the structure of Embodiment 4, fr=-0.22, and hence the
conditional expression (3a) is also satisfied. In such a manner,
the zoom lens which has the satisfactory optical performance
while the high magnification and the reduction in size and
weight are attained is realized.

The exemplary embodiments of the present invention are
described above, but the present invention is not limited to
these embodiments and can be modified and changed vari-
ously within the scope of the gist thereof. Although, for
example, in Embodiment 2 to Embodiment 4, the image plane
variation caused by the zooming is corrected with the fourth
lens unit, it goes without saying that the present invention is
established even when the correction is made with any of the
second lens unit, the third lens unit, and the fourth lens unit.

FIG. 10 is a schematic diagram of a main part of an image
pickup apparatus (television camera system) using the zoom
lens according to each of Embodiments 1 to 4 of the present
invention as a photographing optical system. In FIG. 10, an
image pickup apparatus 125 includes a zoom lens 101 accord-
ing to any one of Embodiments 1 to 4, and a camera 124. The
zoom lens 101 is removably mounted to the camera 124. The
camera 124 having the zoom lens 101 mounted thereon con-
stitutes the image pickup apparatus 125. The zoom lens 101
includes a first lens unit F, a zoom portion L.Z, an aperture stop
SP, and alens unit R for imaging. The first lens unit F includes
a lens unit for focusing. Drive mechanisms 114 and 115, such
as a helicoid and a cam, drive the first lens unit F and the zoom
portion L.Z in an optical axis direction, respectively. Motors
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(drive units) 116 to 118 electrically drive the drive mecha-
nisms 114 and 115 and the aperture stop SP.

Detectors 119 to 121, such as an encoder, a potentiometer,
or a photo-sensor, are configured to detect the positions of the
first lens unit F and the zoom portion I.Z on the optical axis,
and the aperture diameter of the aperture stop SP. The camera
124 includes a glass block 109, which corresponds to an
optical filter or a color separation optical system provided
within the camera 124. Further, the camera 124 includes a
solid-state image pickup element (photoelectric transducer)
110, such as a charge-coupled device (CCD) sensor or a
complementary metal-oxide semiconductor (CMOS) sensor.
The solid-state image pickup element 110 is configured to
receive a subject image formed by the zoom lens 101. Further,
central processing units (CPUs) 111 and 122 control the
driving of the camera 124 and the zoom lens 101.

By applying the zoom lens according to the present inven-
tion to a television camera as described above, an image
pickup apparatus having high optical performance may be
realized.

Next, Numerical Embodiments 1 to 4 corresponding to
Embodiments 1 to 4 of the present invention are shown below.
In each of the numerical embodiments, symbol “i” represents
the order of a surface from the object side, symbol “ri” rep-
resents a radius of curvature of an i-th surface from the object
side, symbol “di” represents an interval between the i-th
surface and the (i+1)th surface from the object side, and
symbols “ndi” and “vdi” respectively represent a refractive
index and an Abbe constant of the optical material of the i-th
surface. The focal length, the F-number, and the angle of field
represent values when focused on the infinity object. Symbol
BF is a distance from the final surface of the lens to the image
plane.

Note that, the aspherical shape is expressed by the follow-
ing expression:

=R 1+(1-ky?/R?)%3} +44-y "+ A6 y5+ 485+
A10p'0+412:"2

where x represents a coordinate in the optical axis direction,
y represents a coordinate in a direction perpendicular to the
optical axis, R represents a standard radius of curvature, k
represents a conic constant, and An represents an n-th order
aspherical coefficient, provided that “e-x” means “x107.
Note that, the lens surfaces having the aspherical surfaces are
marked with asterisks (*) on the right side of surface numbers
in the tables.

Numerical Embodiment 1

Unit mm

Surface data

Effective

i i di ndi vdi diameter
1* 230.634 3.00 1.77250 49.6 88.27
2 42.785 29.54 69.60
3 -81.327 2.40 1.77250 49.6 67.89
4 253.731 0.63 70.15
5 152.980 6.97 1.95906 17.5 71.98
6 -1363.977 0.93 72.45
7 171.683 11.17 1.60311 60.6 75.01
8% -119.665 4.80 75.24
9 289.766 10.63 1.49700 81.5 74.30
10 -121.912 2.40 1.84666 23.8 73.96
11 -179.990 0.15 74.07
12 135.831 2.20 1.84666 23.8 71.31
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-continued -continued
Unit mm Unit mm
13 55.886 13.26 143875 949 67.69 5 Zoom lens unit data
14 490.455 0.15 67.35
15 189.444 6.24 143387  95.1 67.25
16 -460.145 0.15 67.32 Front Rear
17 196.655 8.96 1.77250  49.6 67.62 Lens principal principal
18 -133.427  (Vaiable) 6743 First Focal structure point point
19 55.041 1.00 2.00100  29.1 3394 g9 - o
20 23.647 6.99 20.92 nit surface length length position position
21 -74.271 1.00 1.72916  54.7 29.82
22 65.150 3.00 29.09 1 1 55.00 103.59 62.54 42.93
23 42.793 6.54 1.78472 257 29.21 5 19 3290 2022 179 _13.90
24 -52.868 0.69 28.61
25 41519 100 18381 427 2842 15 ° 27 7964 37 -0.33 -231
26 -2429.214  (Variable) 27.79 4 30 52.82 84.24 24.67 -84.56
27 —47.481 1.00 1.72916  54.7 27.05
28 196.255 2.71 1.92286 189 28.28
29 -525.842  (Variable) 28.88
30 (Stop) @ 1.46 34.40 . .
31 533.202 559 1.60311  60.6 3535 20 Numerical Embodiment 2
32 —47.782 0.15 35.89
33 70.982 7.73 148749  70.2 35.93
34 -45.653 1.00 2.00069 255 35.63
35 -292.209 0.15 36.03 Unit mm
36 34.078 5.98 1.58913  61.1 3646
37 198.440  25.02 35.85 Surface data
38 -612.903 1.00 1.88300  40.8 22.63 Effoctive
39 27.609 432 1.92286 189 21.74 ; i di ndi vdi  diameter
40 -97.230 3.05 21.33
41 -39.345 1.00 2.00069 255 19.35 1% 267.080 3.00 1.77250 49.6 86.66
42 32.927 1.64 1899 30 2 41.114 28.67 67.47
43 56.013 3.83 148749  70.2 20.05 3 -74.586 2.40 1.81600  46.6 65.95
44 49782 R.94 21.08 4 459.103 0.71 68.35
45 46.857 688 148749 702 28.99 2 égg;;f gg; 1.92286 189 ;8-3;
46 ~40.009 0.15 2931 7 179.309 9.90 1.60311  60.6 73.22
47 75.878 8.17 148749  70.2 2880 g _124.956 450 73.43
48 12752.683 2.19 28.43 9 385.960 9.71 149700 815 73.49
49 -50.658 1.00 1.84666 23.8 28.39 10 -137.992 2.40 1.72047 34.7 73.43
50 -136.174  46.02 28.63 11 -203.813 4.21 73.67
Image plane 12 120.092 2.20 1.84666  23.8 72.01
13 59.106 14.59 143875 949 69.72
Aspherical surface data 40 14 ~1189.630 0.15 69.96
15 454.731 8.87 143387  95.1 70.15
] 16 ~125.886 0.15 70.39
First surface 17 1899.488 6.27 177250 496 69.73
18 -138.362  (Variable) 69.60
K =3.77301e+000 A4 =3.05128e-007 A6 =1.87256e-010 19 79.289 1.00 2.00100 201 34.12
A8 =-141108e-013 A10=4.60119e-017 Al2=-6.36153e-021 20 29.921 5.95 31.06
Eighth surface 45 21 -83.341 1.00 1.77250  49.6 30.97
2 74.836  (Variable) 30.43
K=-3.64841e+000  Ad=3.34659e-007 A6 =7.99224e-011 23 65.499 6.24 175800 323 3L.16
A8 =-542827e-014 Al10=199335e-017 Al2=-5.62220e-021 ;‘51 :i;:ggi ?:gg 149700 815 gg:gg
26 1030.031  (Variable) 29.75
Various data 50 27 -34.872 1.00 159522 67.7 29.04
Zoom ratio 7.00 28 59.288 4.14 1.92286  18.9 31.62
29 16227.561  (Variable) 32.08
Wide angle Intermediate  Telephoto 30 (Stop) i 1.50 34.92
31 231.328 475 1.77250  49.6 35.93
Focal length 17.00 51.00 119.00 gg ‘gégzg gg Leosl o ggf?
F-number 280 280 3403 o, -51.482 100 200069 255 3558
Angle of field 41.04 16.18 7.09 3s 288,006 1737 3535
Image height 14.80 14.80 14.80 36 25.939 7.42 1.52249  59.8 29.65
Total lens length 325.03 325.03 325.03 37 —132.690 0.15 28.42
BF 46.02 46.02 46.02 38 66.214 1.00 1.61340 443 25.81
dig 0.80 41.30 58.60 60 39 19.917 3.79 22.92
426 51.59 8.60 716 40 26.606 6.40 149700  81.5 21.55
429 1487 1735 149 41 -25.131 0.70 2.00069 255 20.22
Inclident lpupillplosition 49.30 88.38 135.35 jg 135};‘2 1183 1.88300 408 gii
Exit pupil position -130.84 -130.84 -130.84 44 25.809 6.48 1.80518 254 75.89
Front principal point position 64.67 124.67 174.28 45 _86.801 46.02 26.24

Rear principal point position 29.02 -4.98 -72.98 65 Image plane ©
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15 16
-continued -continued
Unit mm Unit mm
Aspherical surface data 5 21 -76.134 1.00 1.72916  54.7 34.55
: 2 130.038 2.33 34.46
First surface 23 61.404 7.31 178472 257 35.06
K=285714e4001 A4 =477690e-007 A6 =6.21095¢-011 2 ~56.016  (Variable) 3471
A8 =-1.74465¢-013  A10=853308¢-017 A12=-2.19711e-020 i —43.041 100 183481 427 32.72
Eighth surface 26 -113.471  (Variable) 3252
0 27 -46.947 1.00 1.72916 547 29.64
K =-5.64620e+000 A4 =425413e-007 A6 =8.68166e-011 28 142.105 280 192286 189 3104
A8 =-6.003350-014  A10 =7.56688c-018  Al2 = ~7.675270-022 » 2478248 (Variable) 3155
30 (Stop) o 1.46 3234
Various data 31 -1036.033 4.54 1.69680  55.5 33.03
Zoom ratio 6.85 32 -45.818 0.15 33.51
15 33 80.552 7.96 148749 702 33.49
Wide angle Intermediate  Telephoto 34 -44.216 1.00 2.00069 255 33.06
35 -162.325 0.15 33.41
Focal length 17.50 50.99 119.80 36 29.403 4.90 1.58913  61.1 33.43
F-number 2.80 2.80 3.46 37 89.616 23.68 32.84
Angle of field 40.22 16.18 7.04 38 1339.409 100 1.88300  40.8 20.50
Image height 14.80 14.80 1480 5, 39 42722 325 192286 189 19.87
Total lens length 330.05 330.05 330.05 40 _81.385 224 19.43
BF 46.02 46.02 46.02 41 ~39.062 100 200069 255 17.84
d18 0.69 48.62 69.17
422 et 709 110 42 27.764 1.78 17.77
oy 5550 999 055 43 36.649 5.56 148749 702 19.94
429 15.10 14.35 134 i -35.620 0.19 21.24
Incident pupil position 47.90 87.31 13624 25 4 37.586 538 148749 702 22.86
Exit pupil position -104.59 -104.59 -104.59 46 461.019  46.00 23.15
Front principal point position 63.36 121.04 160.74 Image plane ®
Rear principal point position 28.52 -4.97 -73.78
Aspherical surface data
Zoom lens unit data
30 First surface
Front Rear
Lens principal principal K = 1.42580e+001 A4=3.20378¢-007  A6=2.73143e-010
First Focal  stucture point point A8 =-2.36261e-013  Al0=845351e-017 Al2=-1.42141e-020
Unit surface length length position position Eighth surface
; 1; _gg:gg 103:;2 6;:;51 21461 35 Ko-282711e+000 A4 =2.89625¢-007 A6 = 7.90882¢-011
5 ” Tres 788 005 “akl AB=-524416e-014 Al0=2.04781e-017 Al2=-6.59106e—-021
4 27 -87.38 5.14 -0.30 -3.07 )
5 30 52.63 77.52 19.39 -73.90 Various data
Zoom ratio 5.62
40 Wide angle Intermediate  Telephoto
Numerical Embodiment 3
Focal length 16.00 50.02 89.97
F-number 2.80 2.80 2.80
Angle of field 4277 16.48 9.34
: 45 [mage height 14.80 14.80 14.80
Unit mm Total lens length 320.00 320.00 320.00
BF 46.00 46.00 46.00
Surface data dig 0.80 51.76 68.30
Effective d24 2.47 5.87 497
i M di ndi vdi  diameter d26 63.70 931 3.49
50 d29 11.24 11.27 145
1% 216.287 3.00 1.77250 49.6 90.03 Incident pupil position 46.85 83.44 108.47
2 39.958  28.38 68.64 Exit pupil position -61.37 -61.37 -61.37
3 -79.457 2.40 1.77250 49.6 68.05 Front principal point position 60.46 110.16 123.05
4 225.141 2.65 70.16 Rear principal point position 30.00 -4.02 -43.98
5 161.710 7.92 1.95906 175 72.94
6 -539.120 1.05 73.51 )
7 192358 1171 L6031l 606 7548 Zoom lens unit data
g -110.902 5.81 75.64
9 7672.240 9.44 149700 815 73.90 Front Rear
10 -102.536 2.40 1.84666  23.8 73.69 Lens principal principal
11 -174.749 0.15 74.13 First Focal structure point point
12 171.919 2.20 1.84666 23.8 72.51 60  Unit surface length length position position
13 60.157 13.86 143875 949 69.69
1451 ngéég gég 1.43387 95.1 ;(1)4112 ! ! 60.00 108.08 66.96 60.34
1t 1430801 015 T 2 19 -173.71 18.68 -37.70 -67.28
17 217.892  10.62 177250 496 71.96 3 25 -83.14 1.00 -0.33 -0.88
18 -110.503  (Variable) 71.85 4 27 -72.58 3.80 -0.11 -2.14
19 156.195 1.00 2.00100  29.1 3836 65 5 30 40.84 64.23 7.11 -52.76
20 32.989 7.04 34.61
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Numerical Embodiment 4 -continued
Unit mm
K Total lens length 315.03 315.03 315.03
Unit mm 5 BF 46.01 46.01 46.01
d18 2.02 41.12 59.95
Surface data d26 47.42 12.01 449
. d29 6.67 8.61 0.81
Effective
i f di ndi vdi  diameter d33 10.01 437 0.87
Incident pupil position 53.51 92.45 146.35
1% 163.934 2.80 177250  49.6 gog7 10 Exit pupil position i, -44.81 ~44.81 —44.81
5 44.357 35.43 72.09 Front ppncllpal pglnt pOSllFIOH 67.64 114.91 109.57
3 _74.618 220 1.77250 496 67.75 Rear principal point position 28.51 -4.15 -72.90
4 887.034 0.20 69.87 )
s 165.380 549 195906  17.5 7170 Zoom lens unit data
6 2707.548 2.00 71.96
7 189.079  11.31 1.60311  60.6 73.61 15 Front Rear
g ~130.305 5.65 7372 . Lens principal principal
9 ~313.808 759 149700 815 72.14 . First Focal = stcture pomt pomt
10 Z94.201 200 1.84666 238 72.10 Unit surface length length position position
11 -128.244 0.20 72.70
12 103.683 2.00 1.84666  23.8 71.04 N ! 36.00 106.31 66.23 42.88
13 57.648 1441 143875 049 6891 20 2 19 -29.24 17.61 337 —9.66
i 2597457 020 69.00 3 27 -51.06 3.35 -0.22 -2.02
15 357.371 806 149700 8L5  69.08 4 30 SL71 2.07 3.35 -2.03
16 139008 0.0 9.0 5 34 77.41 66.56 -4.19 -48.78
17 115.350 6.58 177250 49.6 65.81
}g 241;:;?} (Va?_z%le) 200100 291 gg:ié 5 Correspondences between the embodiments and the con-
20 23.020 6.40 28.61 ditional expressions described above are shown in Table 1.
21 ~77.738 090 172916 547 2853 Table 1 Values corresponding to conditional expressions in
22 48.075 1.65 27.55 . .
23 38.030 586 178472 257 27.63 Numerical Embodiments 1 to 4
24 -53.202 0.70 27.14
25 -39.870 0.90 1.83481 427 2702 4 TABLE 1
26 850.377  (Variable) 26.39
27 -31.703 0.90 1.72916 547 26.42 Embodiment
28 141.854 2.45 1.92286 189 28.66
29 -468.181  (Variable) 29.29 1 5 3 4
30 3711.178 4.89 1.69680 555 3247
31 -58.164 0.15 33.51 fw 17.00 17.50 16.00 17.50
32 249.761 4.03 1.58913  61.1 3455 35 fl 55.00 60.00 60.00 56.00
33 -119.290  (Variable) 34.87 f1 —4500  -42.00  -44.60  -48.17
34 (Stop) @ 1.46 35.02 pr -147 -1.28 -1.42 -0.22
35 344.213 5.92 148749 702 35.13 IS 28.20 28.20 28.20 28.20
36 -40.823 1.20 2.00069 255 35.15 vllna 49.60 48.11 49.60 49.60
37 -89.075 0.42 35.98 vilpa 17.47 18.90 17.47 17.47
38 45.950 5.17 1.58913  61.1 3648 40 v13na 23.78 29.24 23.78 23.78
39 396.671 30.97 36.01 v13pa 80.29 80.29 80.29 76.90
40 69.997 0.80 2.00069 255 24.34 Conditional
41 24.686 5.55 148749 702 23.38 Expression
42 -83.696 2.37 23.15
43 25.291 4.43 1.92286 189 21.66 (1 fl/fw 3.24 3.43 3.75 3.20
44 -288.786 0.80 2.00100  29.1 2102 45 () MUfl 0.82 0.70 0.74 0.86
45 25.778 2.41 20.02 (3)  Iprl 147 1.28 142 0.22
46 46.632 4.26 149700 815 20.27 (4)  wvl13paivl3na 3.38 2.75 3.38 3.23
47 -38.567 0.80 2.00100  29.1 20.20 (5) wvllnawvllipa 2.84 2.55 2.84 2.84
48 -928.490  46.01 20.43 6) fw/iIs 0.60 0.62 0.57 0.62
Image plane ]
Aspherical surface data " While the present invention has been described with refer-

ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
K = 4.94774¢+000 A4 =1.63648e-007 A6 =-8.59936e-012 embodiments. The scope of the following claims is to be
A8=-2.11218e-015  Al0=-7.22054e-019  Al2 =-4.44198e-022 55 accorded the broadest interpretation so as to encompass all

First surface

Eighth surf . . . .
ighth surfuce such modifications and equivalent structures and functions.
K =-243470e+000 A4 =238022e-007  A6=-2.79910e-011 This application claims the benefit of Japanese Patent
A8 =248574e-014  Al0=-2.40771e-017 Al2 = 6.24794e-021 Application No. 2013-234392, filed Nov. 12, 2013, which is

Varions data hereby incorporated by reference herein in its entirety.

Zoom ratio 6.80 60

What is claimed is:
Wide angle  Intermediate  Telephoto 1. A zoom lens, comprising, in order from an object side to
an image side:

Focal length 17.50 50.16 118.91 . . . .

Fonumber 2.80 279 336 a first lens unit having a positive refractive power that does
Angle of field 40.02 16.44 7.09 65 not move for zooming, the first lens unit comprising a
Image height 14.80 14.80 14.80 first sub-lens unit having a negative refractive power, a

second sub-lens unit having a positive refractive power
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that moves during adjustment ofa focal point, and a third
sub-lens unit having a positive refractive power;

a lens group including at least two lens units that move
during zooming;

an aperture stop; and

a last lens unit having a positive refractive power that does
not move for zooming,

wherein the following conditional expressions are satis-
fied:

2.6<f1/fiw<4.5
0.6<|/11/f11<0.9

0.0<Iri<1.5

where fw denotes a focal length at a wide angle end of the
zoom lens, f1 denotes a focal length of the first lens unit, f11
denotes a focal length of the first sub-lens unit, and fr denotes
imaging magnification of the last lens unit,
wherein the third sub-lens unit comprises at least one nega-
tive lens, and at least two positive lenses,
wherein the following conditional expression is satisfied:

2.0<v13pa~v13na<5.8

where v13na denotes an average value of an Abbe constant
with a d-line as a reference of the at least one negative lens,
and v13pa denotes an average value of Abbe constants with
the d-line as the reference of the positive lenses, and
wherein an Abbe constant vd with the d-line as the refer-
ence is defined by the following equation,

vd=(nd-1)/(nF-nC)

where nd denotes a refractive index in the d-line, nC denotes
a refractive index in a C-line, and nF denotes a refractive
index in an F-line.
2. A zoom lens according to claim 1,
wherein the first sub-lens unit comprises at least two nega-
tive lenses, and at least one positive lens, and
wherein the following conditional expression is satisfied:

2.0<vl1lnamvllpa<3.6

where v11na denotes an average value of Abbe constants with
the d-line as the reference of the at least two negative lenses,
and v11pa denotes an average value of an Abbe constant with
the d-line as the reference of the at least one positive lens.
3. A zoom lens according to claim 1, wherein the lens group
comprises, in order from the object side to the image side, a
second lens unit having a negative refractive power that
moves during zooming, a third lens unit having a negative
refractive power that moves during the zooming.
4. A zoom lens according to claim 1, wherein the lens group
comprises, in order from the object side to the image side:
a second lens unit having a negative refractive power that
moves during zooming,
a third lens unit having a positive refractive power that
moves during the zooming; and
a fourth lens unit having a negative refractive power that
moves during the zooming.
5. A zoom lens according to claim 1, wherein the lens group
comprises, in order from the object side to the image side:
a second lens unit having a negative refractive power that
moves during zooming,
a third lens unit having a negative refractive power that
moves during the zooming; and
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a fourth lens unit having a negative refractive power that
moves during the zooming.

6. A zoom lens according to claim 1,

wherein the lens group comprises, in order from the object
side to the image side: a second lens unit having a nega-
tive refractive power that moves during zooming, a third
lens unit having a negative refractive power that moves
during the zooming; and a fourth lens unit having a
positive refractive power that moves during the zoom-
ing, and

wherein the following expression is satisfied,

0.0<IBrl<0.5.

7. An image pickup apparatus, comprising a zoom lens,

wherein the zoom lens comprises, in order from an object
side to an image side:

a first lens unit having a positive refractive power that does
not move for zooming, the first lens unit comprising a
first sub-lens unit having a negative refractive power, a
second sub-lens unit having a positive refractive power
that moves during adjustment ofa focal point, and a third
sub-lens unit having a positive refractive power;

a lens group including at least two lens units that move
during zooming;

an aperture stop; and

a last lens unit having a positive refractive power that does
not move for zooming,

wherein the following conditional expressions are satis-
fied:

2.6<f1/fiw<4.5
0.6<|/11/f11<0.9

0.0<IBri<1.5

where fw denotes a focal length at a wide angle end of the
zoom lens, {1 denotes a focal length of the first lens unit, 11
denotes a focal length of the first sub-lens unit, and fr denotes
imaging magnification of the last lens unit,
wherein the third sub-lens unit comprises at least one nega-
tive lens, and at least two positive lenses,
wherein the following conditional expression is satisfied:

2.0<v13pa/v13na<5.8

where v13na denotes an average value of an Abbe constant
with a d-line as a reference of the at least one negative lens,
and v13pa denotes an average value of Abbe constants with
the d-line as the reference of the at least two positive lenses,
and
wherein an Abbe constant vd with the d-line as the refer-
ence is defined by the following equation:

vd=(nd-1)/(nF-nC)

where nd denotes a refractive index in the d-line, nC denotes
a refractive index in a C-line, and nF denotes a refractive
index in an F-line.

8. An image pickup apparatus according to claim 7,
wherein the following conditional expression is satisfied:

0.4<fw/IS<1.2

where IS denotes an image size of the image pickup appara-
tus.



